A total of 525 stool specimens collected during 1 year were examined for the presence of rotavirus by direct electron microscopy (EM), enzyme-linked immunosorbent assay (ELISA) 
Human rotavirus is an important cause of gastroenteritis in infants and young children. The inability of the virus to grow efficiently in conventional cell culture systems has resulted in the utilization of diagnostic methods such as immunoelectroosmophoresis (5, 8) , radioimmunoassay (7), enzyme-linked immunosorbent assay (ELISA) (17, 19) , latex agglutination (12) , and immune electron microscopy (IEM) (6) for detection of virus directly in clinical specimens. Ever since rotavirus was first detected (1, 4) , electron microscopy (EM) offecal specimens has been a valuable tool for diagnosis of viral gastroenteritis. Due to the broad scope of the method, a multitude of new viruses has been detected in stools. However, the relative sensitivity of direct EM as compared with other methods, especially IEM procedures, needs to be more thoroughly investigated.
The basis of IEM methods is the observation in an electron microscope of the interaction between virus and its antibody. This permits direct visual identification of the virus by its morphology as well as immunological identification of the virus by the reacting antibody. The most commonly used IEM method is based on the formation of immune aggregates of the virus and its corresponding antibody.
Solid-phase immune electron microscopy (SPIEM) was first described in 1973 by Derrick (3) , who coated EM grids with specific antibodies. The technique was recently modified by precoating of grids with staphylococcal protein A for anchoring of specific antibodies (14) . The modification has been used with success for detection of rotavirus (10) , as well as for characterization of adenovirus (16) .
The aim of the present study was to compare the sensitivity of SPIEM (with protein A) with direct EM and ELISA for detection of rotavirus in fecal specimens.
MATERIALS AND METHODS
Clinical specimens. A total of 525 stool specimens from children suffering from acute gastroenteritis were routinely examined for the presence of rotavirus during 1 year. The specimens were prepared as 10% suspensions, shaken with glass beads, and subsequently clarified by low-speed centrifugation at 2,000 rpm for 15 were floated for 20 min on 10-p.l drops (50 pg/ml) of protein A (Pharmacia, Uppsala, Sweden) and drained. Thereafter the grids were floated on 20-,ul drops of human rotavirus antiserum diluted 1:1,000 for 20 min. The antibody-coated grids were washed with 10 drops of phosphate-buffered saline, drained again, and finally floated on 20 p.1 of virus specimen for 1 h at room temperature. Before staining with 3% phosphotungstic acid (pH 7.2), the grids were washed with 10 drops of phosphate-buffered saline and 10 drops of distilled water. The specimen was screened for the presence of rotavirus particles for 5 min in a Phillips 300 electron microscope at a magnification of x28,000.
Direct EM. A drop of stool suspension was applied to a carbon-Formvar-coated electron microscope grid (400 mesh). After 30 s, the drop was removed by blotting from the edge of the grid with filter paper, and the adherent particles were negatively stained. Excess stain was removed with filter paper. The specimen was screened for the presence of rotavirus particles for 5 min in a Phillips 300 electron microscope at magnification of x28,000. Preparation of immunosorbent-purified rotavirus antibodies. Five stool specimens, all with a large number of rotavirus particles, were prepared as 10% suspensions and pooled.
(i) Preparation of rotavirus. A 200-ml virus suspension was clarified for 15 min at 2,000 rpm. The supematant fluid was extracted with trichlorofluoroethane and centrifuged at 2,000 rpm for 10 min. The resulting aqueous phase was subsequently centrifuged through a 10-ml cushion of 30% sucrose at 40,000 x g for 2.5 h. The virus pellet was suspended in distilled water containing 0.001 M EDTA. After 30 min at 37°C, the suspension was frozen and thawed 10 times. NaSCN (3 M) was added for 1 h before dialysis against glycine-NaOH (0.05 M; pH 10.4) containing NaCl (0.85%) overnight, followed by dialysis against NaHCO3 buffer (0.1 M; pH 8.3) containing NaCl (0.5 M).
(ii) Immunosorbent procedure. Rotavirus treated as described above was coupled to CNBr-Sepharose 4B as described by the manufacturer (Pharmacia, Uppsala, Sweden). The immunosorbent column was loaded with 3 ml of rabbit anti-human rotavirus serum. After 1 h of binding at room temperature, the column was washed with phosphate-buffered saline, and the antibodies bound to the gel were eluted by 0.2 M glycinehydrochloride buffer (pH 2.8). The eluate was neutralized with solid Tris and dialysed against 0.15 M NaCl. The protein content of the eluate was 50 p.g/ml.
RESULTS
We have previously evaluated the conditions for the use of protein A in SPIEM (16) . The optimal concentration of protein A and the rabbit anti-human rotavirus serum was determined by box titrations; the highest virus-trapping efficiency was achieved with a protein A concentration of 50 ,ug/ml and a 1:1,000 serum dilution.
During the period January to December 1981, 525 stool specimens were obtained from children suffering from acute gastroenteritis. All specimens were tested by SPIEM, direct EM, and an indirect ELISA for the presence of rotavirus. Rotavirus was detected in 187 of the 525 samples; SPIEM detected 183 (97.8%), and direct EM and ELISA detected 161 (86%) and 166 (88.7%), respectively (Table 1) .
Four samples which were easily found to be positive by direct EM and ELISA were negative by SPIEM at the first check. When the samples were rechecked, three of the four were positive. No technical explanation could be found as to why the last one was repeatedly negative. It is possible that these four samples contained virus coated with antibodies, preventing adsorption to VOL. 18, 1983 on November 6, 2017 by guest http://jcm.asm.org/ Downloaded from The majority of the rotavirus particles detected by SPIEM were single shelled. However, double-shelled particles were also seen, but at a lower frequency. Aggregates of rotavirus were not observed (Fig. 1) . Viral capsomers were sometimes seen in the absence of complete single-or double-shelled particles. Adenovirus was occasionally seen non-specifically attached to the protein A antibody-coated grid in samples with extremely high concentrations of adenovirus.
All 166 samples scored positive by ELISA were also positive by either EM or SPIEM. Samples with absorbances close to the cut-off level were generally found to be positive by SPIEM within a few minutes of screening.
Three samples in which rotavirus was not detected by direct EM on the first examination were found to be positive when the examination was repeated. The phenomenon is probably due to a change of electrical charge of the grid. Some samples seen with direct EM contained rotavirus particles surrounded by a halo, probably caused by the presence of antibodies. These were also seen by SPIEM, but at a much lower frequency.
The sensitivity of the methods was evaluated by testing a dilution series. A fecal specimen containing rotavirus was serially diluted in negative feces at 0.5 log10 dilution steps. The results in Fig. 2 trapping by SPIEM was achieved with a protein A concentration of 25 ,ug/ml and an eluate dilution of 1:80. The efficiency of the unfractionated rabbit antiserum and the eluate prepared from the same serum was evaluated by testing virus dilutions, as described above. The results in Fig. 3 are mean values of duplicate tests. In all virus dilutions the unfractionated serum trapped more virus particles than did the immunosorbent-purified antibodies. However, the sensitivity was equal in this test. The negative staining The efficiency of electron microscope procedures is closely related to the observation time. A comparison of the time required to detect rotavirus in stools by SPIEM and direct EM was therefore done. Twenty-five randomly selected stool specimens positive by ELISA were used. The elapsed time was recorded to the first recognition of a virus particle by SPIEM and direct EM at a magnification of x28,000. The Table 2 show that all specimens were detected within the first 2 min of observation by SPIEM, whereas direct EM required up to 9 min for virus detection. However, 90% of the specimens were detected within the first 3 min of observation by this method.
DISCUSSION
The need for rapid and simple diagnostic procedures has led to the development of various methods for virus diagnosis. Direct EM, IEM, and solid-phase immunoassays such as ELISA and radioimmunoassay have been shown to be suitable for detection of small quantities of virus or viral antigens directly in stool specimens. Direct EM, used for the initial demonstration of rotavirus in stool, has been used to find the multitude of viruses now known to occur in human feces. However, the sensitivity of the method has been a matter of controversy, as evidenced by a number of reports. Thus, in comparison with immunoelectroosmophoresis, direct EM has been found to demonstrate lower (5), higher (8), or equal (15) sensitivity. In our study the technique was found to be less sensitive than ELISA. However, due to the absence of an immunological reaction in direct EM, other gastroenteritis viruses, such as adenovirus, calicivirus, astrovirus, etc., may be visualized. A factor which may reduce virus detection by EM is the elimination of virus aggregates by the low-speed clarification step used to remove stool debris and bacteria from the stool suspensions (9) .
In the present study it was observed that some samples containing great numbers of rotavirus particles were scored negative on the first examination by direct EM. Furthermore, the grids demonstrated from time to time an uneven distribution of virus particles on their surfaces. These phenomena can probably be explained by the electrical charges of the grids.
The protein A SPIEM was shown in our study to be the most sensitive of the three methods used for detection of rotavirus. The sensitivity was higher than that of ELISA and considerably higher than that of direct EM. Similar results have been reported by others (10a). The high sensitivity of protein A SPIEM has also been reported by Nicolaieff et al. (10) , who detected rotavirus by this method in 71% of their specimens compared to only 20% by direct EM. They also reported that precoating of grids with protein A improved the virus-trapping capacity 5-to 10-fold as compared to grids coated with only antiserum. Rubenstein and Miller (11) found that the sensitivity of the SPIEM method using antibody-coated grids without protein A did not exceed that of ELISA. and the maximum detection of rotavirus in stool was achieved by observing SPIEM preparations for about 3 to 5 min and direct EM preparations for up to 10 min.
The pretreatment of EM grids with staphylococcal protein A and the subsequent anchoring of specific antibodies increased the number of particles adsorbed to the grid. Furthermore, the coating prevented contaminating material as well as nonspecific virus adsorption. The fact that SPIEM gave a more even distribution of virus particles than direct EM made the examination easier, faster, and more reliable. The direct visualization of virus in an electron microscope is a clear advantage, since no confirmatory tests are normally necessary. A disadvantage of ELISA techniques is the possible occurrence of nonspecific reactions (13, 18) . In our study no false-positive reactions were seen by ELISA; all positive stool specimens were positive by SPIEM or direct EM. During the 1-year study the ELISA used had a higher sensitivity than direct EM and was found to be the most suitable method for screening large numbers of stool specimens. By use of direct EM, a microscopist could handle approximately 40 samples a day; by SPIEM slightly fewer could be handled due to the time-consuming coating of grids.
To detect a broader spectrum of viruses in stool specimens, a pool of antisera against different viruses could be used, e.g., antisera to rotavirus and enteric adenovirus. Since by SPIEM the virus is identified by its morphology, the main function of the antiserum is to increase the number of particles attached to the grid.
The present study showed that SPIEM, with protein A for anchoring of specific antibodies, is a useful tool for rotavirus detection. The high sensitivity of the method makes it well suited for identification of viruses which are cumbersome to study by conventional methods.
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